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THE  EMITTANCE  OF  CERAMICS  AND  GRAPHITES 


W.  D.  Wood,  H.  W*  Deem,  and  C.  F.  Lucks* 


INTRODUCTION 


There  has  been,  for  some  years,  a  considerable  interest  in  data  on 
the  thermal  properties  of  materials.  Many  of  these  data  are  reported  in  an 
excellent  manner  by  Armour  Research  Foundation  in  WADC  TR-58-476,  Volumes  I 
through  IV.  Data  available  through  1957  are  included. 

Recently  there  has  been  an  increased  and  particular  interest  in 
the  radiant  heat  transfer  and  thermal-radiation  properties.  The  fundamentals 
and  nomenclature  of  radiant  heat  transfer  are  often  not  familiar  to  those  who 
now  find  themselves  concerned  with  it. 

The  Defense  Metals  Information  Center  has  prepared  a  series  of 
memorandums  in  the  general  field  of  radiant  heat  transfer  to  make  this  infor¬ 
mation  and  the  data  on  thermal-radiation  properties  more  readily  available. 
Each  memorandum  is  being  directed  toward  providing  information  in  a  par¬ 
ticular  area  of  interest.  Included  are  basic  fundamentals,  definitions  and 
methods  used  in  measuring  the  radiant-heat-transfer  properties  of  materials, 
as  well  as  literature  values  of  these  properties  for  selected  materials. 

This  series  of  memorandums  ultimately  will  be  assembled  into  a  report  for 
those  with  a  broad  interest  in  radiant  heat  transfer. 

This  present  memorandum  is  the  last  of  the  series  and  is  a  compi¬ 
lation  of  original  test  data  on  emittance,  reflectance,  and  transmittance  of 
ceramics  and  graphites.  Although  these  materials  are  on  the  borderline  of 
the  DMIC  scope,  the  data  were  uncovered  during  the  general  search  and  are 
included  to  complete  the  record.  The  data  were  taken  from  the  literature 
published  during  the  period  1940-1959,  inclusive,  and  as  much  of  the  1960 
literature  as  could  be  obtained.  The  following  sources  were  searchedi 
Chemical  Abstracts,  Ceramic  Abstracts,  Metallurgical  Abstracts,  Nuclear 
Science  Abstracts,  and  the  files  of  the  Defense  Metals  Information  Center 
(DMIC).  The  authors  have  attempted  to  evaluate  these  sources  of  data 
according  to  the  apparent  thoroughness  of  methods  and  techniques  as  de¬ 
scribed  by  the  various  investigators.  In  many  cases  the  descriptions  in 
the  literature  are  a  summary  of  methods  and  results,  and  a  complete  evalu¬ 
ation  is  impossible.  With  these  considerations  in  mind  the  authors  have 
shown  curves  which,  in  their  estimation,  indicate  the  most  probable  values 
for  the  various  conditions  and  materials. 


♦Principal  Physicist,  Assistant  Chief,  and  Chief,  respectively, 
Instrumentation  Division,  Battelle  Memorial  Institute. 
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METHOD  OF  PRESENTATION  OF  DATA 


The  data  have  been  separated  according  to  material  and  to  the  type 
of  measurement,  whether  spectral  or  total. 

In  previous  publications  of  this  series,  emittance  data  are  given 
as  the  complement  of  the  reflectance,  which  assumes  a  sample  opaque  to  the 
radiation  concerned  in  each  case.  Many  of  the  ceramic  materials  transmit 
considerable  amounts  of  incident  radiation  and  must  be  relatively  thick  to 
be  effectively  opaque.  The  data  in  this  memorandum  are,  therefore,  given 
only  in  the  units  measured  by  the  investigators,  since  for  most  cases  the 
emittance  must  be  considered  as  the  complement  of  the  sum  of  the  reflectance 
and  the  transmittance. 

All  data  have  been  plotted  with  each  reference  shown  by  different 
symbols.  The  reference-information  sheet  accompanying  each  graph  gives  the 
names  of  the  investigators  and  the  number  of  the  reference  from  which  the 
data  were  obtained.  Notations  of  composition  and  surface  condition  of  the 
sample  tested,  and  a  brief  notation  on  the  methods  and  conditions  of  measure¬ 
ment,  are  given  when  available. 

The  curves  drawn  by  the  authors  have  been  prepared  with  special 
emphasis  on  the  extremes  found  in  the  literature  for  the  polished  and  oxidized 
conditions.  The  information  for  other  surface  conditions  is  contained  in  the 
accompanying  reference-information  sheet. 

Further  information  concerning  methods  used  may  be  found  in  the 
particular  reference  given  or  in  DMIC  Memorandum  No.  78,  ^'Methods  of  Measuring 
Emittance". 
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EMITTANCE  DATA 

Page 

CARBIDES 

SILICON  CARBIDE 

Normal  Total  Emittance  Versus  Temperature  .  8 

Normal  Spectral  Emittance  Versus  Temperature  .  10 

Normal  Spectral  Emittance  Versus  Wavelength  .  12 

Spectral  Reflectance  Versus  Wavelength .  14 

TANTALUM  CARBIDE 

Normal  Spectral  Emittance  (0.5  to  4  microns) 

Versus  Wavelength  .  16 

Normal  Spectral  Emittance  (2  to  14  microns) 

Versus  Wavelength  .  18 

TUNGSTEN  CARBIDE 

Normal  Spectral  Emittance  Versus  Temperature  .  20 

ZIRCONIUM  CARBIDE 

Normal  Total  Emittance  Versus  Temperature  .  22 

Normal  Spectral  Emittance  Versus  Wavelength  .  24 

GRAPHITES 

ACHESON  GRAPHITE 

Hemispherical  Total  Emittance  Versus  Temperature  .  26 

Normal  Spectral  Emittance  Versus  Temperature .  28 

ATJ  GRAPHITE 

Hemispherical  Total  Emittance  Versus  Temperature  .  30 

Total  Emittance  Versus  Emission  Angle  .  32 

Normal  Spectral  Emittance  Versus  Wavelength  .  34 

ELECTRODE  GRAPHITE 

Normal  Total  Emittance  Versus  Temperature  .  36 


battculc 


M  C  M  O  n  I  A  U 


INSTITUTE 


GRAPHITES  (CONTINUED) 


Bias 


GBE  GRAPHITE 

Normal  Total  Emittance  Versus  Temperature  .  38 

GBH  GRAPHITE 

Normal  Total  Emittance  Versus  Temperature  .  40 

GRAPHITE  AND  CARBON 

Normal  Spectral  Emittance  Versus  Temperature  .  42 

3474D  GRAPHITE 

Normal  Total  Emittance  Versus  Temperature  .  44 

7087  GRAPHITE 

Normal  Total  Emittance  Versus  Temperature  .  46 


NICKEL-TITANIUM  CARBIDE  HARD  METALS 

K150A 


Hemispherical  Total  Emittance  Versus  Temperature  .  48 

K151A 

Hemispherical  Total  Emittance  Versus  Temperature  .  50 

K152B 

Hemispherical  Total  Emittance  Versus  Temperature  .  52 

K153B 


Hemispherical  Total  Emittance  Versus  Temperature  .  54 


K163B1 

Hemispherical  Total  Emittance  Versus  Temperature  .  56 

K184B 

Hemispherical  Total  Emittance  Versus  Temperature  .  58 

NITRIDES 

BORON  NITRIDE 

Normal  Spectral  Emittance  Versus  Wavelength  .  60 
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Page 

OXIDES 

ALUMINUM  OXIDE 

Normal  Total  Emittance  Versus  Temperature  .  62 

Normal  Spectral  Emittance  Versus  Temperature .  64 

Normal  Spectral  Emittance  Versus  Wavelength  .  66 

Spectral  Reflectance  Versus  Wavelength .  68 

BERYLLIUM  OXIDE 

Normal  Total  Emittance  Versus  Temperature  .  70 

Spectral  Reflectance  Versus  Wavelength .  72 

MAGNESIUM  OXIDE 

Normal  Total  Emittance  Versus  Temperature  .  74 

Normal  Spectral  Emittance  Versus  Temperature  .  76 

Normal  Spectral  Emittance  Versus  Wavelength  .  78 

ZIRCONIUM  OXIDE 

Normal  Total  Emittance  Versus  Temperature  .  80 

Normal  Spectral  Emittance  Versus  Temperature  .  82 

Normal  Spectral  Emittance  Versus  Wavelength  .  84 

Spectral  Reflectance  Versus  Wavelength .  86 

PYROCERAM 

9606  PYROCERAM 

Normal  Total  Emittance  Versus  Temperature  .  88 

Normal  Spectral  Emittance  Versus  Temperature .  90 

Spectral  Reflectance  Versus  Wavelength .  92 

9608  PYROCERAM 

Normal  Total  Emittance  Versus  Temperature  .  94 

Normal  Spectral  Emittance  Versus  Temperature  .  96 

Spectral  Reflectance  and  Transmittance  Versus 
Wavelength .  98 

■  ATTCCkC  MCMORIAL  INSTITUTE 


■6. 


» 


Pace 

SUICIDES 

MOLYBDENUM  DISILICIDE 

Normal  Total  Emittance  Versus  Temperature  .  100 

Normal  Spectral  Emittance  Versus  Temperature . 102 

TABULATION  OF  TOTAL  SOLAR  ABSORPTANCE  OF  FOUR  GRAPHITES 

AND  TWO  OXIDES . 104 
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135  Review  of  Recent  Developments  in  the  Technology  of  Nickel-Base  and  Cobalt- 

Base  Alloys,  October  31,  1961 

136  Fabrication  of  Tungsten  for  Solid-Propellant  Rocket  Nozzles,  November  2,  1961 

137  Review  of  Recent  Developments  on  Oxidation-Resistant  Coatings  for  Refractory 
Metals,  November  8,  1961 

138  Review  of  Recent  Developments  in  the  Technology  of  Beryllium,  November  16, 

1961 

139  Review  of  Recent  Developments  in  the  Technology  of  Tungsten,  November  24,  1961 

140  Review  of  Recent  Developments  in  Metals  Joining,  December  6,  1961 

141  The  Emittance  of  Chromium,  Columbium,  Molybdenum,  Tantalum,  and  Tungsten, 
December  10,  1961 
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142  Effects  of  Moderately  High  Strain  Rates  on  the  Tensile  Properties  of  Metals, 
December  18,  1961 

143  Notes  on  the  Forging  of  Refractory  Metals,  December  21,  1961 

144  Review  of  Recent  Developments  in  Titanium  Alloy  Technology,  December  29,  1961 

145  The  Use  of  Nickel-Base  Alloys  in  the  Rotating  Parts  of  Gas  Turbines  for 
Aerospace  Applications,  January  11,  1962 

146  Magnesium-Lithium  Alloys  -  A  Review  of  Current  Developments,  February  6,  1962 

147  An  Evaluation  of  Materials  for  Rocket-Motor  Cases  Based  on  Minimum  Weight 
Concepts,  March  8,  1962 
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